What do we really see by Krishna, Kavita
4746 — Rediscovering School Science  Aug 2019 — Rediscovering School Science  Aug 2019
Acknowledgments: The author would like to thank Dr. Ritesh Khunyakari, Associate Professor, Hyderabad campus, Tata Institute of Social Sciences, for his 
valuable inputs during the development of this learning unit as well as the current article. She would also like to thank all the students who participated in field-
trials, and teachers and members of the Vigyan Pratibha team who provided valuable inputs and feedback on the development of this learning unit. 
Notes: 
1. This article is based on a learning unit — ‘The journey from milk to curd’ developed as a part of the Vigyan Pratibha programme of HBCSE. Vigyan Pratibha 
is a talent nurture program in science and maths for Grade VIII-X students from diverse backgrounds of Kendriya Vidyalayas, Jawahar Navodaya Vidyalayas 
and Atomic Energy Central Schools. The programme is aimed towards developing a deeper understanding of concepts and critical thinking skills by providing 
students with tasks which go beyond textbook-based classroom teaching. Teachers’ Notes. (URL: https://vp.hbcse.tifr.res.in/wp-content/uploads/2018/12/
The_Journey_from_milk_to_curd_teacher.pdf) and Students’ Worksheets (URL: https://vp.hbcse.tifr.res.in/wp-content/uploads/2018/12/The_Journey_from_
Milk_to_Curd_student.pdf) for this learning unit are available online. Teachers need to register for access to Teachers' Notes. 
2. Image used in the background of the article title — Curd (Sri Lanka). Credits: Ji-Elle, Wikimedia Commons. URL: https://commons.wikimedia.org/wiki/
File:Curd-Sri_Lanka.jpg. License: CC-BY-SA.
3. Image used as a filler on Pg. 44 — Lactobacillus paracasei. Credits: Dr. Horst Neve, Max Rubner-Institut, Wikimedia Commons. URL: https://commons.
wikimedia.org/wiki/File:Lactobacillus_paracasei.jpg. License: CC-BY-SA.
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• Practical applications of science provide a powerful lens to introduce students to the 
scientific method.
• Curd formation is one application of the scientific process in our day–to–day lives.
• Different aspects of the scientific method, such as hypothesis making, standardization and 
controls, can be introduced through activities around curd setting.
• These activities can also be used to discuss science–society relationships.
Key takeaways
Our ability to see is fascinating, yet something that we usually take for granted. Young children 
spontaneously experiment with the way 
they see — looking at objects with one eye 
closed, spinning a sparkler to see a ring of 
light, or looking through a grandparent’s 
spectacles. Middle school students ask 
questions like, 'Why do we need two eyes? ' 
and 'Why does a ceiling fan moving 
at full speed look blurry? '. These early 
experiments and questions invite an 
exploration of human vision. This article 
(and the accompanying activity sheets) 
looks at some aspects of human sight that 
students can discover through simple, yet 
interesting, activities.
Depth perception
The left and right eye are in different 
locations, about 6.5 cm apart. Each 
eye receives a slightly different two-
dimensional image onto its retina. Both 
these images are sent to the brain. The 
brain uses both to generate a single three-
dimensional interpretation. This results 
in our capacity for stereopsis or depth 
perception as demonstrated in Activity I 
(see Activity Sheet: Are two eyes better 
than one?).1 The ability to perceive depth is 
one of the advantages of having binocular 
vision (using two eyes to see one image). 
The blind spot
We tend to believe that what we perceive 
is exactly what our eyes see. However, this 
isn’t always true and parts of what we see 
are ‘made up’ by the brain! 
Each eye has a blind spot — a small part 
of the visual field of each eye where there 
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This article presents 
a few simple 
activities, with 
handmade toys and 
optical illusions, 
that explore ways in 
which our brain and 
eyes work together 
to perceive the 
world.
WHAT DO WE
REALLY SEE?
Box 4. Experiments on sources of milk and effect of other additives:
Students could be encouraged to design and conduct experiments to check how curd 
formation is affected by using: 
• Milk from different animals, like cow, goat, buffalo, sheep, camel, and horse etc. 
• Milk subjected to different types of processing, like fresh, boiled, pasteurized, or milk 
stored in tetra-packs. 
• Milk additives, like chocolate powder, nutrition supplements, etc.
likely that students might take some 
time designing their own experiments, 
but doing this will help them develop a 
hands-on understanding of the scientific 
method. Not only will this help students 
feel a sense of ownership towards their 
experiments, but it will also help them 
discover several ways of using simple 
resources, like milk and curd, as ‘live 
educational tools’.
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are no photoreceptors (rods or cones) 
on the retina (see Fig. 1). This is the 
region where the optic nerve enters 
the eye. As demonstrated in Activity 
II (see Activity Sheet: Finding your 
blind spot), you are unable to see the 
black dot when the paper is held at a 
particular distance from you because 
the image of the dot falls on the blind 
spot on your retina.1 
Why don’t we notice the blind spot 
more often? This is because the brain 
compensates for the blind spot by 
adding in the missing information. 
This phenomena is called visual filling 
in.2 Notice that in Activity III (see 
Activity Sheet: Filling in), your brain 
fills in the image even when your 
other eye is closed. This is an example 
of how your brain doesn’t rely only on 
the images it receives from the retina. 
It ‘predicts’ what it is likely to see. The 
predictions that the brain makes are so 
convincing that we often ‘see’ things 
that don’t exist! This is the basis for 
many optical illusions.
Moving images
Optical illusions can also arise because of 
another physiological limitation of the 
visual system — the speed at which it can 
process images that fall on the retina.
One application of this is in the 
Thaumatrope — a popular optical 
toy in the 19th century. As seen in 
Activity IV (see Activity Sheet: Using a 
Thaumatrope), the two images on either 
side of the disk appear to merge into 
a single image when the disk is twirled 
quickly.3 This is because of the time that 
our visual system takes to process the 
images that fall on the retina.
The visual system retains an image 
for about a 15th of a second. When 
a different image falls on the retina 
within this time period, the two images 
are perceived as a single one. This 
phenomena is called the persistence 
of vision.
When our visual system sees a series of 
10-12 distinct images in a second, they 
are perceived as a single continuous 
moving image. This optical illusion 
is called beta movement, and is the 
basis for animations and films. The 
Phenakistoscope, that you build in 
Activity V (see Activity Sheet: Using a 
Phenakistoscope), was the first popular 
animation device to be built. Invented in 
1832, this device was an early precursor 
to modern day animations (see Fig. 2) A 
flip book is another simple toy that you 
can make based on the same principle 
(see Fig. 3)4
Optical illusions
Optical illusions are perplexing, 
fascinating, and fun. They occur when 
what we perceive appears different from 
what is actually present, because of the 
interaction between the images the eye 
receives and the interpretations that the 
brain makes (see Fig. 4). 
Fig. 1. The blind spot is an area on the retina that has no photoreceptors.
To conclude
There are hundreds of optical illusions 
like the ones in the activities discussed 
here. Each of these illusions reveal 
different aspects of human vision 
and its limitations (see Box 1). Many 
of them are the subject of ongoing 
scientific research in human physiology, 
psychology and neuroscience. 
Box 1. You can learn more about optical illusions here:
1. Chudler, Eric H. ‘The Blind Spot’. Neuroscience for Kids — Vision Exp. URL: http://faculty.washington.edu/chudler/chvision.html.
2. Bach, Michael. ‘134 Optical Illusions & Visual Phenomena’. URL: www.michaelbach.de/ot/.
3. Lotto, Beau. ‘Optical illusions show how we see’. TED Global, July 2009. URL: www.ted.com/talks/beau_lotto_optical_illusions_show_
how_we_see. 
4. The Optical Society (OSA). ‘Optical illusions’. Optics4kids. URL: https://www.optics4kids.org/illusions. Accessed 18 Apr. 2019.
• Sight is inherently intriguing to young children, and they often spontaneously experiment with 
the way they see.
• What we see is a result of interactions between our eyes and our brain.
• We can explore vision to introduce students to related scientific concepts and their practical 
implications.
• Our ability to perceive depth is a result of our brain's ability to combine two-dimensional 
images from both our eyes.
• Each of our eyes has a blind spot where the optic nerve enters it. We don't notice the blind spot 
because our brain fills in the missing information. 
• When two or more images fall on the retina within the 15th of a second, they are perceived as 
single image. 
• Optical illusions occur when our brain's perception of images is different from what is actually 
present.
Key takeaways
Fig. 4. The café wall illusion. This is a 
geometrical optical illusion in which the parallel 
dividing lines between staggered rows with 
alternating black and white "bricks" appear to be 
sloped although they are straight.
Credits: Fibonacci, Wikimedia Commons. URL: https://
commons.wikimedia.org/wiki/File:Caf%C3%A9_wall.
svg. License: CC-BY-SA. 
Fig. 2. The phenakisticope was invented by 
the Belgian physicist Joseph Plateau and 
the Austrian mathematician Simon 
Stampfer, working independently.
Credits: depuis Joseph Plateau, Corresp.Math.Phys. 
1832, VII, p. 291, Wikimedia Commons. URL: 
https://en.wikipedia.org/wiki/File:Phenakistiscope.
jpg. License: CC-BY.
Fig. 3. A flip book is an animation toy in 
which several distinct images appear to be 
a single continuous moving image.
Credits: John Barnes Linnet, Zeitgenössische 
Illustration (1886), Wikimedia Commons. URL: 
https://en.wikipedia.org/wiki/File:Linnet_
kineograph_1886.jpg. License: CC-BY. 
Note: Image used in the background of the article title – An optical illusion. Credits: Fiestoforo, Wikimedia Commons. URL: https://en.wikipedia.org/wiki/ 
File:Motion_illusion_in_star_arrangement.png. License: CC-BY.
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are no photoreceptors (rods or cones) 
on the retina (see Fig. 1). This is the 
region where the optic nerve enters 
the eye. As demonstrated in Activity 
II (see Activity Sheet: Finding your 
blind spot), you are unable to see the 
black dot when the paper is held at a 
particular distance from you because 
the image of the dot falls on the blind 
spot on your retina.1 
Why don’t we notice the blind spot 
more often? This is because the brain 
compensates for the blind spot by 
adding in the missing information. 
This phenomena is called visual filling 
in.2 Notice that in Activity III (see 
Activity Sheet: Filling in), your brain 
fills in the image even when your 
other eye is closed. This is an example 
of how your brain doesn’t rely only on 
the images it receives from the retina. 
It ‘predicts’ what it is likely to see. The 
predictions that the brain makes are so 
convincing that we often ‘see’ things 
that don’t exist! This is the basis for 
many optical illusions.
Moving images
Optical illusions can also arise because of 
another physiological limitation of the 
visual system — the speed at which it can 
process images that fall on the retina.
One application of this is in the 
Thaumatrope — a popular optical 
toy in the 19th century. As seen in 
Activity IV (see Activity Sheet: Using a 
Thaumatrope), the two images on either 
side of the disk appear to merge into 
a single image when the disk is twirled 
quickly.3 This is because of the time that 
our visual system takes to process the 
images that fall on the retina.
The visual system retains an image 
for about a 15th of a second. When 
a different image falls on the retina 
within this time period, the two images 
are perceived as a single one. This 
phenomena is called the persistence 
of vision.
When our visual system sees a series of 
10-12 distinct images in a second, they 
are perceived as a single continuous 
moving image. This optical illusion 
is called beta movement, and is the 
basis for animations and films. The 
Phenakistoscope, that you build in 
Activity V (see Activity Sheet: Using a 
Phenakistoscope), was the first popular 
animation device to be built. Invented in 
1832, this device was an early precursor 
to modern day animations (see Fig. 2) A 
flip book is another simple toy that you 
can make based on the same principle 
(see Fig. 3)4
Optical illusions
Optical illusions are perplexing, 
fascinating, and fun. They occur when 
what we perceive appears different from 
what is actually present, because of the 
interaction between the images the eye 
receives and the interpretations that the 
brain makes (see Fig. 4). 
Fig. 1. The blind spot is an area on the retina that has no photoreceptors.
To conclude
There are hundreds of optical illusions 
like the ones in the activities discussed 
here. Each of these illusions reveal 
different aspects of human vision 
and its limitations (see Box 1). Many 
of them are the subject of ongoing 
scientific research in human physiology, 
psychology and neuroscience. 
Box 1. You can learn more about optical illusions here:
1. Chudler, Eric H. ‘The Blind Spot’. Neuroscience for Kids — Vision Exp. URL: http://faculty.washington.edu/chudler/chvision.html.
2. Bach, Michael. ‘134 Optical Illusions & Visual Phenomena’. URL: www.michaelbach.de/ot/.
3. Lotto, Beau. ‘Optical illusions show how we see’. TED Global, July 2009. URL: www.ted.com/talks/beau_lotto_optical_illusions_show_
how_we_see. 
4. The Optical Society (OSA). ‘Optical illusions’. Optics4kids. URL: https://www.optics4kids.org/illusions. Accessed 18 Apr. 2019.
• Sight is inherently intriguing to young children, and they often spontaneously experiment with 
the way they see.
• What we see is a result of interactions between our eyes and our brain.
• We can explore vision to introduce students to related scientific concepts and their practical 
implications.
• Our ability to perceive depth is a result of our brain's ability to combine two-dimensional 
images from both our eyes.
• Each of our eyes has a blind spot where the optic nerve enters it. We don't notice the blind spot 
because our brain fills in the missing information. 
• When two or more images fall on the retina within the 15th of a second, they are perceived as 
single image. 
• Optical illusions occur when our brain's perception of images is different from what is actually 
present.
Key takeaways
Fig. 4. The café wall illusion. This is a 
geometrical optical illusion in which the parallel 
dividing lines between staggered rows with 
alternating black and white "bricks" appear to be 
sloped although they are straight.
Credits: Fibonacci, Wikimedia Commons. URL: https://
commons.wikimedia.org/wiki/File:Caf%C3%A9_wall.
svg. License: CC-BY-SA. 
Fig. 2. The phenakisticope was invented by 
the Belgian physicist Joseph Plateau and 
the Austrian mathematician Simon 
Stampfer, working independently.
Credits: depuis Joseph Plateau, Corresp.Math.Phys. 
1832, VII, p. 291, Wikimedia Commons. URL: 
https://en.wikipedia.org/wiki/File:Phenakistiscope.
jpg. License: CC-BY.
Fig. 3. A flip book is an animation toy in 
which several distinct images appear to be 
a single continuous moving image.
Credits: John Barnes Linnet, Zeitgenössische 
Illustration (1886), Wikimedia Commons. URL: 
https://en.wikipedia.org/wiki/File:Linnet_
kineograph_1886.jpg. License: CC-BY. 
Note: Image used in the background of the article title – An optical illusion. Credits: Fiestoforo, Wikimedia Commons. URL: https://en.wikipedia.org/wiki/ 
File:Motion_illusion_in_star_arrangement.png. License: CC-BY.
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“[A]s embodied, imaginative creatures, we never were 
separated or divorced from reality in the first place. 
What has always made science possible is our embodiment, 
not our transcendence of it, and our imagination, 
not our avoidance of it.” — George Lakoff.
“… don’t underestimate the importance of body language” 
— Ursula the witch in Disney’s Little Mermaid.
Consider explaining to someone the 
earth's orbit around the sun with your 
hands tied behind your back. Many 
people might find it challenging to talk 
about planetary motion without moving 
their hands or arms in an elliptical 
gesture. Many may even feel inadequate 
in explaining day-to-day experiences 
without using their bodies to express. 
This is because our understanding of 
the world is not exclusively encoded 
through language; our gestures and 
movements are also connected to the 
ways we think and learn.
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LEARNING SCIENCE WITH THE
BODY IN MIND
This article explores 
embodied learning in 
the science classroom. 
The authors use research 
in science education to 
illustrate, practically, 
how teachers can create 
immersive, full-body 
thinking and knowing 
experiences for their 
students.









